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INTRODUCTION

.
This report includes the current LEM Weight Status and Target Weight
values in addition to some of the major study efforts to date.

The current status, as included in this report, represents a complete
rework of all the LEM systems and subsystems, as currently configured in
order to meet the LEM work statement and subsequent clarifying directives.
The effect of the work statement and directives has caused some major
subsystem configuration changes which make it impractical to compare the
current weight status to previously reported weights.

In order to clearly present the effect of the LEM current weight status,
two performance curves have been included, (Fige. 1 and 2)

The ascent st (dry) overweight results in a lift-off stage weight of

9798 pounds whenf the tanks are filled to capacity. However, the tank size ZZC??

limiting point s such that only 6030 fps AV is available as compared to the ——i:fr '

required AV of TOT9 fps. NE Y ‘,f@s
,/V«.?.

If the descent stage and consumable items (totaling 3511 pounds) are
added to the 1lift-off weight to obtain a touchdown weight, (ref: Figure 2)
the following results:

For Separation Weight Available AV
28882 Lbse 7540 fps
28000 Lbse 7280 fps
26800 ILbse 6820 fps

It should be noted that while the performance loss in descent is not

as severe as in ascent, degcent performance does not meet the required
AV of 7827 fpse

The difference between the Target touchdown weight and the current
value is attributed to the following:

Ascent stage (dry) = + 1535 Lbs.
Ascent Propellant =+ 556 Lbs.
Descent stage (dry) = - _190 Lbs.

+ 1901 Lbse.

The individual subsystem overwelght increments in the ascent stage
are included on page 8.

Report No. LED-490-2

!lllFIiilliIll Date 30 July 1963



W Page 2

The frequency of changes at this date is such that a complete
vehicle functional schematic which is in agreement with the current weights,
is not available.

The LEM mass property history included herein is based on the following
LEM mission profile.

Mission Phase Approx. Time
Separation to Touchdown 4 nhours
Lunar Stay 24 hours
Lift-off to Dock 263
Orbital Contingency 17.7

Total Separation to Dock «0 hours

Performance criteria used to calculate the mass property history is
included on page 3.

LEM Target Weights were based on the philosophy of maintaining the
work statement functional requirements associated with "crew safety" and
deviating from the functional requirements associated with "mission success".
Additional deviations were also included for LEM "non-essential" eguipment.
"Non-essential" equipment has been defined as any items on board which do
not affect the accomplishment of the LEM mission, (i.e. LEM/Earth data Link,
Ranging etc.)

This basic difference in philosophics betwecen the Target and current
weights explains much of the distorted pattern of over or underweight of
LEM Subsystems.as indicated on page 8. In view of this problem, a Target
weight re-apportionment will be issued by late August.

Report No. LED=-490-2



MISSION HISTORY OF WEIGHT AND PERFORMANCE

Current Target
Condition Weight ~AV Weight DV ISp
Earth Launch 25,121
Separation 28,882) 25, 500) 305
Synchronous Orbit 2L, L65
- 1,540 > 7,827
Hover 12,402
Touchdown 13,309) 11,381
Lunar Lift-off ~ 9,798 T, 707 i 303
Transfer Orbit (50,000 Ft to ~ -
80 Miles) 6,030 3,881 ¢ 7,079
Burnout (Docked) 4,962 35,558 300
T ] fa Coir
A N
A
N

Report No. LED-490-2
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A.

B.

C.

LEM WEIGHT COMPARISON

AT SEPARATION BY STAGES

BSYSTEM

CODE 1TEM

Ascent Stage Weight at Separation

Structure
Stabilizetion—eandLControl
Navigation and Guidance
Crew--Sysiems .
Fnvironmental Control
Landing Gear
Instrumentation - Operational
- Scientific
Electrical Power Supply
Propulsion System
Prepulston Inert
— Propellant - Usable
J10.0 Reaction Control
~ Propulsion Inert
Propellant = Usable
11.0 Communiestions
12.0 Controls .and Displays
13.0 Spares

° .
[eNoNoNoNoNONO]

$)oa N O\ W
[oNe;

Desce%?5é£age at Separation
Yoy S
"° T30 e,

Structure

0
.0 Crew Systems (Landing Lights)
0 Landing Gear - Fixed
0 Instrumentatiom = Opérational
- Scientific
«0 Electrical Power Supply
O Propulsion System
“—Propulsion Inert
- -*Propellant - Usable
11.0 Communications (Portable)

Total Separation Weight (A + B)

&
WEIGHT
CURRENT TARGET A WEIGHT
G422
5 FO36+F— ROeSo
" 1250.0 812.0 1438.0
oy o HPBLS g3,030870 AGe5— 111 D
174 4TT0 5 05024950 5870 /65
58644 55860 28. 4
523.5 415.5 108.0
389.3 241.0 148.3
67645 Lrh,0 202¢5
(489044)  (4353.0)  (537.4)
561.k4 516.0 sl
4329,0 3837.0 L92.0
(789.6) (4h3.2)  (346.4)
313.6 160.2 15344
L476.0 283.0 193.0
T9ek 38.0 Lhi.h
238.1 198.0 Lo.1
. .o 1.0 0
t % 1723 |25 1327,2
-&88%3:3 17569.5 1312.8
5 5o s
T37.0 731.0 6.0
10.0 10.0 0
603.0 60900 "6.0
49.0 45,0 o)
25040 250.0 0
1h6.2 63.5 82.7
(17066.6) (15800.0) (1266.6)
1592.6 1806.0 -213.4
15474.0 13994.0 1480.0
21.5 61.0 - 3945
28882.0 255004 2 3381.8
Report Noa. LED-490-2
Date 30 July 1963
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INTRODUCTION

The growth factor is a convenient tool used to simplify evaluations
of subsystem configurations and vehicle sizing. It eliminates the cum-
bersome calculations involved in handling subsystems, which are vehicle
weight and size sensitive. Subsystems whose weights are determined by
the mission (i.e. Electronics, Environmental Control, and other similar
subsystems) are independent of the vehicle size and weight and are easily
handled. The problem arises in evaluating subsystems whose weights vary
with vehicle size and weight (i.e. Landing Gear, Structure, Propulsion
and Pressurization Subsystems). The solution to the problem lies in
treating these subsystems as variables and making certain assumptions
and approximations.

Assumptions weremade for parameters that affected Engine, Pressuri-
zation and Propellant Tank subsystems, Landing Gear and Structures. Ex-
pansion ratio, chamber pressure and ablative vs. regeneratively cooled
nozzles were considered for the engines; materials, bladder vs. baffles,
and number of tanks were considered for the Propellant Tank and Pressuri-
zatlon Subsystems; 1n the case of the Structure and Landing Gear, the
level of meteoroild shielding, method of suspension in the booster adapter,
number of landing gear, and retractable vs. fixed landing gear were con-
sidered. These subsystems were handled as variables, they were equated
to propellant weight and plotted as a function of subsystem weight vse
propellant weight (See Figure III and IV). The values used were approxi-
mations which were later verified with the latest available information.
The growth factor, includes the weight of propellant to 1ift a known
weight (or mass ratio) plus an increment that includss the subsystems
that vary with vehicle size and weight. Consequently, the use of growth
factor defines a rubberized vehicle. The relationship between growth
factor and mass ratio is proportional tc the number of subsystems which
are sensitive to size and weight. The greater the number of subsystems
sensitive to vehicle weight and size, the greater is the difference between
the growth factor and mass ratio. As the subsystems become frozen, the
growth factor will approach and equal the mass ratio. As 1s seen from
Figure 11, the descent stage growth factor has a larger slope than the
ascent stage because more descent stage items are weight and size depen-
dent than in the ascent stage.

In conclusion, the growth factor provides a simplified method for
vehicle sizing studies. In studies of constant weight subsystems the
growth factor provides a way of determining the effect on the total
vehicle that a system has, and it defines the weight saving associated
with staging or integrating subsystems in terms of effective weight or
LEM weight at separatione.
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In making weight comparisons of LEM configurations the use of Growth
Factors afford a simplified method of calculating the Wet and Dry Vehicle
Weights. In addition, by using the curves of stage weight vs. propellant
WT, the weight of the subsystems can be broken out.

The following is the derivation of Growth Factor:

1) 8v=g I xIn Wo/Wf I, = Specific Impulse
WO = Initial Weight
2) IfK = Ay
g Is Wf = Final Weight

3) Then &K = Wb/Wf = Mass Ratio

The difference between Wb and W, is only the propellant. Food and
other expendables will be tréated séparately.

b) w_ =W -W
P o}

T
| S
From (3) above Wo=W,x¢€
K
5) wp_wf e - W

6) Wp =W, (eK -1)

Equation (6) gives the weight of propellant required to carry a specific
final weight. If any additional weight is added to the vehicle the propel-
lant required cen be found from EQ (6), however, no allowance is made for
tankage to carry the additional propellant, or propellant to carry the larger
tanks, or the weight of other systems that grow in proportion to the propul-
sion. The CGrowth Factor is the weight effect that each pound has on the to-
tal vehicle in terms of propellant, and an increment that includes the inert
systems that vary with the propulsion system.

Expressing the s&bove statement mathemmblendly ~ and reducing the pay-
load to unity to give a factor it becomes:

7) Growth Factor = (W + wp W+ WPI + WIl + WPI + WI2 ) ceeen




LED 490-2
Page A-3
Substituting EQ (6) for wp

Growth Factor

I I I

W+W(eK-l)+W +WI(eK-l)+W +W € =1) cesee
~ 1

eK (W+WI+WI +WI &acno)
1 2

8) Growth Factor

The inert systems weight (WI) is obtained from curves (Fig. III & IV)
based on calculations made by ~GAEE€.. The curves show the various subsys-

tems that make up the Inert weight vs weight of propellant.

From EQ (2) & (3) it is seen the Mass Ratio is & function of &V and I .
Fig. I is a plot of Mass Ratic vs A V for various I . Fig. II is a plot s
of Mass Ratio vs Growth Factor for the inert subsystgm.increments referenced
above. Based on the 1 May 1963 A V Budget the following Mass Ratios and
Growth Factors were obtained from Fig. I & II.

Descent Ascent
Ay = 7827 FPS Av = 7079 FPS
I = 305 Sec I = 303 Sec
s s
GF = 2.824 GF = 2.366

Verification of Mass Ratio and Growth Factor for Descent

Av = 7827 FPS
I = 305 Sec
S
K = Ay = 7827 ] (EQ 2)
g I 32.2 x 305
K = <197
X - Mass Ratio = e 177 (EQ 3)
erPT - 2,200
Growth Factor = & (W+ W, +W_ +W cones) (EQ 8)

I Il 12
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W = 1 LB
WI = WT of inert subsystem due toc increase in propellant to carry W.
X
W= [W (e™ -1) ] x L1762
WI = WT of inert subsystem due to increase in propellant to carry Wi.
1
K X
W= 215 (e ~1) | x .1762 W = |.046 (e -1) X <1762
1 2
W = -O)-l-6
Il
Growth Factor = 2.22 ( 1 + .215 + .046 + .0099)
Growth Factor = 2.824
Verification of Mass Ratio and Growth Factor for Ascent
Av = T079 FPS
IS = 303 Sec
K = AV = 7079 (EQ 2)
g Is 32.2 x 303
K = .726
X - Mass Ratio = e'726 (EQ 3)
K = 2.068
Growth Factor = &% (W + Wt WL ) (EQ 8)
1
W = 11b
WI = WT of inert subsystem due to increase in propellant to carry W
W = [w (X -1)] x .1188
Wy = .1269
WI = WT of inert subsystem due to increase in propellant to carry WI'
1
X K
W = [ 1269 (e -1) | x .1188 Wo= | L0151 (eF -1) | X .1188
1 2

ACNRIDN ek
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= ,0151 W. = .0019

I

2.068 ( 1+ .1269 + .0151 + .0019)
2.366

li

The round trip Growth Factor is the affect one pound has on the vehicle
when carried from separation to burnout and is the product of the Ascent and
Descent Growth Factors.

Round Trip Growth Factor

2.82h x 2.366
6.682

In working with Growth Factors the following basic facts must be
remembered:

1.

2.

The Ascent and Descent Growth Factors are obtained by using the
appropriate AV and I, for that particular mission phase.

The Round Trip (unstaged) Growth Factor is the product of the
Ascent and Descent Growth Factors.

All items carried from separation to touchdown (staged) must be
multiplied by the Descent Growth Factor 2.82k.

All items carried from Separation to Burnout (unstaged) must be
multiplied by the Round Trip Growth Factor 6.682.

To obtain the affect of items carried from lift-off to Burnout
in the Ascent Stage multiply the item by the Ascent Growth Factor
2.366.

The penalty for lunar lift off capabiljty*differs from the Round
Trip Growth Factor. The lunar lift-off payload is only carried
from the lunar surface to burnout, however, the Descent stage must
carry an increase in propellant to land the Ascent stage propel-
lant required to carry the lunar payload. The lunar lift-off capa-
bility factor is L.285.
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APPENDIX B

PROPELIANT TANK SIZING AND CRITERIA
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Design Conditions:
Descent Ascent
Isp Specific Impulse 302 seconds 306 seconds
AV
MAIN ENGINE 7822 fps 6628 fps
AV Res 5 fps 451 fps
4V STAGE 7827 fps TOT9 fps
(Wo) Initial Stage Weight 280004 883T#

[a}

Specific Impulse (Isp)

The Isp(s) used for *tank sizing are based on the curves, figures 1, 3

and 4 attached, of Ref. no. 3. The ascent specific impulse was rounded down
‘ to 306.0 which represents a slight conservatism over the Grumman nominal

of Figure l. This was done becsuse of the large disparity between the

Grumman estimate of the ascent engine specific impulse envelope and the engine

manufacturer's estimated specific impulse envelope. The descent specific

impulse is a time integrated average based on Figure 3 (Isp vse Thrust) and

the thrust vse. time called for by Ref. 6. This thrust program calls for a

burning at constant thrust for 238 seconds; the initial thrust/weight ratio

= .396. At 28000 1b. initial weight the thrust called for would be 11088 1lbse.

so for this portion of the trajectory it is assumed that the engine is thrust-

ing at the maximum nominal wvalue of 10500 lbs. The final phase of the descent

calls for thrust at 10500 1lbse. for 20 seconds, thrust decay to 5200 1lb. over

the next 90 seconds and then thrust dropping to 2400 1lbs. over the next

33 seconds at which time touch-down has been accomplished. The combined effect

of the above yields an average Isp of 302 seconds.

Delta Velocity

The 10% reserve allotted to cover the positive uncertainties as
outlined in Ref. no. 4 was divided proportionally between the main engine
and reaction control system and is included in the AV's listed above.
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Useable Propellant - Calculation of

go = eK where: K = _A&V __
3 Isp (g)
For the descent phase 17 lbs. of R.C.S. propellant weight was removed

from the
This was

28000 1lbs. to give a corrected initial weight (Wo) of 27983 lbs.
done because the R.CoS. propellant is used to separate the LEM
from the CM/SM. Therefore, the main engine propellant has to impart the
7822 fps & V to a vehicle weighing 27983 1lbs. Since the main engine
fires first during ascent phase no such adjustment had to be made to the
ascent stage initial weight of 8837 1lbs.

Trapped And Useable Propellant

30 July 1963

Useable Propellant Weight 15h7hd# L320#
Trapped in System 1/2% 78 22
Trapped in FEngine 7 8
Loading Tolerance 1/2% 78 22
Off O/F Ratio 1% 155 43
(328) (95)
Propellant weights for which tank volume must be provided.
Descent Ascent
15,802 L Lok
0X FUEL 0X FUEL
at O/F = 1.60 972k 6078 2722 1702
Densities at 1bs./ft3 90.45 56449 90.45 56,49
65°F (1)
Densities at 1bs./ft3 88.49 55469 88.49 55.69
90°F (1)
Volume at 65°F (ft3) 107.5 107.6 30.09 30.13

(1) Reference No. T
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Ullage Volume Derivation: Conditions

12 is the fueling back pressure

Py is the design maximum gas pressure in the
ullage volume after the tanks are heated
t0 tpgx (90°F) from minimum fueling tem-
perature of tq.

0X FUEL oX FUEL
Py psia 20 20 20 20
Pp Ppsia 120 120 100 100
5y °F 65 65 65 65
t2 °F 90 90 90 90
Percentage of Liquid
Volume at 65°F needed
for Ullage 2.68 1.74 2.80 1.82
- . 3% . 3%
Critical Tank Volumes 95,386 in. 26,732 ine
. Allowance for 250 178
Internal Equip.
Allowance for Agssumed negligible as tank is only pressurized
Tank Expansion to pp above and the effect of tank distortion

under pressure is not known at this time.
Effect of Pressure on Liquid Densities = Negligible

Desgign Tank Vols. 3 3
Each of (4) 95,636 in. 26,910 in.
55.3L4 ft.3 15.57 fteo

* Since the oxidizer has a higher thermal co-efficient of expansion, and
identical oxidizer and fuel tanks are desired, the oxidizer volume require=~
ments become critical for sizing both the fuel and oxidizer tanks. This
is noted by the higher ullage requirements for the oxidizere.
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The fueling conditions are specified as entering liquids at TO°F +5F°;
therefore, the most dense liquids will be loaded at 65°F which point has been
taken as the base from which to calculate the ullage volume.

The maximum temperature the liquids will reach is 90°F and the
fueling will take place with a back pressure of 20 psia in the ftanks. It
was decided to allow the pressure to rise to 100 psia in the ascent tanks
and 120 psia in the descent tanks. It is felt these pressures are suffi-
ciently below the burst disc and relief wvalve pressures to negate any
problem in this area. It was assumed that as the liquids expanded to 90°F
the gas in the ullage volume maintained the same temperature and did not
contain any propellant vapors. The latter assumption is slightly conser-
vative with respect to the actual final pressure that will occur at
tpax, To meet these conditions the general gas equation dictates that
the descent oxidizer and fuel tanks have 2.68 and 1l.T4 percent of their
65°F volume for ullage respectively and the ascent tanks have 2.80% and
1.82% respectively.

Sample ullage volume calculation ascent stage oxidizer.

Conditions p; = 20 psia t = 65°F
Py, = 100 psia t2 = OQ0°F

v, = volume of oxidizer at 65°F

V2 = volume of oxidizer at 90°F

v, = volume of ullage gas at 65°F and 20 psia

v, = volume of ullage gas at 90°F and 100 psia
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(1) vy+vy =V, + v,
272 _ 272
90.55 TV 88.59 TV,
30,09 + v, = 30.76 + v,
3
Vl - V2 = 67 ft
WR 525 °R
@ v S
5;;' = %g 5oy - T3
2 100 %1&&5
So v, = Vi
IS
Substituting (2) - (1) gives:
oo = .67 ft.
be73
v, = 847 £,
or v
= = §%5%§— = .028 = 2,8% of the
Vi ° oxidizer volume

at 65°F (525 °R)

Since the volumes of oxidizer and fuels are very nearly equal at the
weight O/F ratio of 1.6 to 1.0 it is possible to make the tanks identical,
a very economically desirable feature. To do this the tanks must allow for
the maximum required volume and be slightly oversized for the other liquid.
The critical volumes are those for the oxidizer in each stage.

These volumes are:

95,386 cubic inches in each descent stage tanke.
26’732 " 1" 1 " ascent 1" n

To these volumes, allowances of 250 cue in. descent and 178 cue. in. ascent

for internal equipments in each tank were added. Therefore, the minimum
tank volumes for each of four tanks per stage are:

95,636 cubic inches - descent
26,910 cubic inches - ascent

~
~OONEIEN T



For the above volumes the minimum tank propellant
are:

Ascent: Spherical tanks (4) of I.De . = 37.18";

-, 30 July 1963
LED-490-2
Page Be6

tank dimensions

all manufacturing

tolerances are to be such that the tanks at 65°F do not have

a diameter below this value.

Descent: Cylindrical mid section of 51" I.De and a 12.81" minimum
length between spherical (51.00" I.D.) end bells. The

same tolerance criteria as above applys

Other factors involved in tank design but with effects considered
negligible for purposes of sizing the tanks (i.e. determlnlng the tank

volumes) are:

l. Allowance for tank expansion between Py and Py

2. Effect of pressure on liquid densities.

Since the increase in tank pressure during liquid warm up is only 80 or
100 psi and effect of tank distortion is not known at this tlme,(l) above

was neglected.
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Definitions and Symbols
Isp Rocket motor specific impulse;
= ~fo T dt where: tb = time of engine burnout
sp _
Wp
sp T _ T = Engine Thrust
1Y _——Wp

Wp = Weight of propellants burned.

AV The net change in vehicle velocity for the phase of operation
under discussione Also the vector sum of all the time integrated
accelerations that have acted on the vehicle for the time under

consideration.
WO The initial weight of the vehicle for the period under consideration.
WF The weight of the vehicle at the end of the particular phase.
Wp The weight of propellant necessary to produce a certain AV;
‘ also equals WO - WF.
K AV Where g is the constant for changing weight
ISp (g) to mass g = 321739

§
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During the LEM Mission, II"



VELOPE

N

RFORMANCE.

E

H

__

REPORT NO.

DS

i

IMATED, PE

GRUMMAN AIRCRAFT ENGINEERING CORPORATION




T Y T T T
yur T i T it ! t
[ 8 R 1 ! 1R: 1
3 A 1 ! : " i .
T ; : T 1 R
13 1 e : ;
BRER It i . :
T + : : X
1
u i : . i
T 1 < M |
¥ : s : ! .
I 4 Lpp—
i 17 o .
- 5 b @i 1 sl H
1 T .

ST ;

L : : m ]
oY
N O .
‘.Aa. -

P SN |

REPORT NO.

GRUMMAN AIRCRAFT ENG|NEERING CORPORATION




i

VELOPE

i

RUST LEVELS..

I 8

+

GAE

¥
bl :
o Mora s i

[a—

w——t

B

BaisED

"

4

ST

REPORT NO.

GRUMMAN AIRCRAFT ENGlNEERING CORPORATION




